Historically, surfaces of type I were already known to Castelnuovo [4] . He showed that the canonical image of a type I surface is always contained in a threefold of minimal degree and he determined its divisor class. For a modern treatment of his argument, see Harris [6] . On the other hand, Horikawa [9] , [10, IV] has studied, among others, surfaces of types I and II in detail when (pg, c2 1)=(4, 5), (5, 8) . Especially he completely determined their deformation types. Surfaces of type I with pg=7 and c2 1=14 were recently studied by Miranda [12] . [6] and [5] ACKNOWLEDGEMENT. We thank the referee for pointing out several mistakes in the earlier version. We are also informed that Professor Eiji Horikawa studied type I surfaces more than ten years ago (unpublished). 1.2. Surfaces of type I were essentially known to Castelnuovo [4] . Here we recall his argument. Our reference is [7] and [6] . Since 2K|c is the canonical divisor of C and hc'(1)=r+1, it follows from (1) that We turn our attention to the canonical image S'. By the well-known formula for pluri-genera of minimal surfaces of general type combined with (1), we get
. 
According to the classification of irreducible nondegenerate threefolds of minimal degree in Ppg-1 (cf. [5] or [6] ), W is one of the following: 1.4. We study S more closely in each of the above cases. Claims I-III below will be proved in the next section.
The first two may be clear:
Case (A): S' is a quintic surface in P3.
Case (B): S' is a complete intersection of a quadric and a quartic. These are extensively studied by Horikawa in [9] , [10, IV] . 
and thus pg(S")=a+b+c+3=pg(S) by (4) and h1(ƒÖs")=0; since ƒÖ s"=•¬s"(T), we get ƒÖ2 s"=3pg-7.
As to the linear system |4T-(pg-5)F|, we have the following:
CLAIM III. The linear system |4T-(pg-5)F| on Pa ,b,c contains an irreducible member with only RDP's if and only if (5) a+c•¬3b+2, b•¬2a+2.
Now we get the following theorem essentially due to Castelnuovo [4] : THEOREM 1.5. If S is a surface of type I, then the irregularity q(S) vanishes. Its canonical image S' is projectively normal and has only RDP's as its singularity. Furthermore, it is contained in an irreducible nondegenerate threefold of minimal degree. S' is either (1) a quintic surface in P3 (pg=4), (2) a complete intersection of a quadric and a quartic in P4 (pg=5), 
We have the following three possibilities:
If (1) (1) KD=2, D2=0, DG=2.
(2) KD=3, D2=1, DG=0 (in this case c=3). If (1) is the case, then S has a pencil of curves of genus two, a contradiction. If (2) is the case, then we get G2=2by 11=K2=9D2+6DG+G2.
Since DG=0, this contradicts the Hodge index theorem. Therefore the case (D.3) cannot occur.
2.4.
PROOF OF CLAIM III. We choose sections X0, X1 and X2 of T-aF, T-bF and T-cF, respectively, in such a way that they form a system of homogeneous fiber AND K. KONNO coordinates on each fiber of Pa ,b,c. Then We close this section with the following: PROPOSITION 2.5. Let S be a type I surface with pg=4 and S' its canonical image. S has a pencil of nonhyperelliptic curves of genus 3 if and only if S' contains a line .
PROOF. Assume that S' contains a line l. We blow P3 up along l to get P0 ,0,1. Then the proper transform S" of S' is linearly equivalent to 4T+F and has a pencil of nonhyperelliptic curves of genus 3 induced by the projection map of P0 ,0,1. 3.1. We say that S is a Castelnuovo surface of type (a, b, c) if W (or its nonsingular model) is Pa ,b,c, where the integers a, b, c satisfy the conditions (4) and (5) . For the sake of simplicity, we put W=Pa ,b,c even if a=0. We say S to be generic if it is the minimal resolution of a general member of |4T-(pg-5)F|. For the proof, we need some lemmas. By (7) a family {S"t } with S"=S"0 from the family (10) for example. Since S" has only RDP's, so does S"t provided that t is sufficiently small. We simultaneously resolve RDP's (cf.
[2] and [3] ) and get a family {St} of deformations of S=S0. This family shows that S is a specialization of a Castelnuovo surface of type (a+k, b, c-k). Continuing this procedure using (10), (11) or (12), we get the desired result. On the other hand, S0 is a double covering of Y via the projection map of W . Since Y is a conic bundle on P1, S0 has a pencil of hyperelliptic curves of genus three . Thus it is of type II.
5. Surfaces with hyperelliptic pencils of genus 3. We call a pencil on a surface a hyperelliptic pencil of genus g if its general member is a nonsingular hyperelliptic curve of genus g. In this section, we study the geography of surfaces with hyperelliptic linear pencils of genus 3. 
We list the types of the singularities which we shall need later: (10, 4) , (11, 1) , (11, 4) , (12, 1) , (12, 3) , (12, 4) , (13, 0) , (13, 1) , (13, 3) , (14, 0) , (14, 1) , (14, 3) , (14, 4) , (15, 0) , (15, 2) , (15, 3) , (15, 4) .
Then there exists a minimal surface S such that
(1) pg(S)=x, q(S)=0 and C2 1(S)=y, (2) there is a fibration ƒÉ: S•¨P1 whose general fiber is a hyperelliptic curve of genus 3, THEOREM 6.1 (Xiao) . Let S be a regular minimal surface of general type with a hyperelliptic pencil. Suppose that the invariants of S satisfy pg(S)>(2g-1)(g+1)+1, c2 1(S)<(4g/(g+1))(pg(S)-g-1) (ii) B has k infinitely close triple points and l ordinary quadruple points, and the other singularities are at most double points. 
